The infra-red spectra of polymers and related monomers. II In the previous paper the vibrational spectra of some hydrocarbon-type polymers were discussed. Similar measurements are described here on the parent monomers of some halogen-containing polymers, and on some of the polymers themselves. Valuable information about the normal vibration frequencies of the simple mono meric substances has been obtained, but there are still not enough data to justify a detailed consideration of the spectra of the polymers in relation to their molecular structure. In spite of this, the results are useful in many connexions, and serve to illustrate the stage reached in the general problem of the correlation of vibrational spectra and molecular structure.
Vinylidene chloride
This substance, CH2CC12, is the monomer of polyvinylidene chloride, known com mercially as saran. Apart from this, its spectrum has intrinsic interest, for, although the molecule is an asymmetrical rotator with three differing moments of inertia, it has one two-fold axis of rotation and two planes of symmetry, so th at the infra-red' absorption bands of the vapour should show an interesting contour. The moments of inertia are fairly large, but still small enough to make this rotational contour resolv able. Moreover, as the results show, it is possible here unambiguously to assign values to most, and perhaps all, of the normal vibrational modes/which is valuable in the general consideration of the vibration frequencies of vinyl and vinylidene com pounds. A few infra-red bands have been measured previously by Emschwiller & Lecomte (1937) , but their results are incomplete and the resolving power used by them was low.
The sample of vinylidene chloride was supplied by the research department of I.C.I. (Plastics) Ltd. The liquid was stabilized with a trace of thymol, and redistilled j ust before use, with a boiling-point of 31° C. The infra-red measurements were carried C 21 ] out with the vapour, which polymerized so slowly as to cause no difficulties. In measuring the Raman spectrum, however, the liquid had to be used. The redistilled pure liquid polymerized rapidly, and produced a scattering of incident radiation which made accurate measurement of the Raman displacements impossible. I t was finally possible to obtain stability by adding a trace of hydroquinone, too small in quantity to give detectable Raman emission. A Hilger E 518 spectrograph was used, with the mercury fine a t 4358 A as incident radiation. Kodak Super Panchro Press plates were used.
H. W. Thompson and P. Torkington The infra-red spectrum between 5 and 20/t is shown in figure 1 for various pressures of vapour in absorption cells 7 and 21 cm. in length. In order to obtain stronger absorption in the region of 3 \/i,a film of liquid about 1 mm. thick was also used. The position of the absorption bands in wave numbers are given in table 1.
The curves of figure 1 show th at many of the absorption bands have a well-marked rotational contour, the significance of which is discussed below. The following Raman frequencies were .deduced from measurements on four plates: 295 (s.), 375 (m.), 450 (w.), 540 (w.), 595 (s.), 868 (v.w.) 293, 372, 600, 860, 1393, 1611 and 3038, but we have been unable to find displacements corresponding to three other frequencies given by him, namely, 146, 990, 1200(?) . Cabannes experienced much difficulty due to polymerization, and from a consideration of our own Raman and infra-red data and their interpretation given below, these three frequencies must be regarded as spurious. and 360 x 10~40 g.cm.2. The least axis of inertia, act, is in the plane of the molecule and perpendicular to the C-C bond; the middle axis, 66, is along the C =C bond, and the major axis, cc, is perpendicular to the plane of the molecule. The molecule falls in the symmetry point group C2v and there are twelve normal modes, which can be allocated to different symmetry classes as in table 2. In the latter, C\ is the twofold axis of symmetry lying along the C =C bond, crx is the plane of the molecule, <ry the plane at right angles to the plane of the molecule and bisecting the HCH and C1CC1 angles. H. W. Badger & Zumwalt (1938) have discussed the contour of vibration bands of asymmetrical rotators and differentiate A , B and C bands according as the change of electric moment is parallel to the least, middle, or greatest axis of inertia. In their nomenclature, the above values for the moments of inertia lead to cr 1*7 anc 8 = -0-66. Although a molecule of these particular dimensions was not considered by Badger & Zumwalt, extrapolation from their curves suggests th at the A-type bands will have three submaxima, the spacing between the two outermost being about 14 cm.-1. The /i-type bands will consist essentially of a double band with central gap, the spacing between the main pair of submaxima being about 11-12 cm.-1. The (7-type bands will have a fairly strong central Q branch, with two other sub maxima on each side of it (O, P ,R and S) . The spacing between the p maxima, 0 -8 , will be about 24 cm.-1, and th at between the next inner pair about 12 cm.-1. Now consider an allocation of the observed frequencies to the various normal modes. I t has not yet been possible to measure the degree of depolarization of the Raman lines, but the totally symmetric vibrations may be expected to appear most intense. The rules for overtones and binary combinations in the infra-red spectrum are summarized in table 3. Table 3 o v e rto n e o r ty p e of c o m b in a tio n s y m m e tr y c o n to u r 
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Inspection of the Ram an and infra-red data suggests th at some frequencies have rather lower values in the Ram an spectrum. In view of the polar nature of the liquid, this is not unusual. Greater significance is therefore to be attached to the infra-red values.
The infra-red band at 605 cm.-1 has 5-type contour, with the expected spacing of submaxima. I t is therefore allocated to class A v This frequency is intense in the Raman spectrum, which agrees with its being connected with a totally symmetrical vibration of this sort. Its value is about th at to be expected for a symmetrical vibration of the CC12 group, and it is therefore attributed to this mode. In phosgene (Bailey & Hale 1938 ) the corresponding frequency is 570, in methylene chloride (Corin & Sutherland 1938) about 700, and in thiophosgene (Thompson 1941) 500. The infra-red band at 1620, corresponding to the Raman frequency 1611, has 5-type contour, which again implies an A x class of vibration. I t cor which is largely determined by a vibration of the carbon-carbon double bond. The Raman frequency 295 agrees with what would be expected for a symmetrical deformation of the CC12 group. In phosgene its value is 302, in thiophosgene 292, and in methylene chloride 284. The infra-red and Raman frequency of about 3035 is allocated to the symmetrical stretching mode of the CH2 group. This leaves un allocated one A x fundamental, namely, the symmetrical CH2 deformation. The infra-red band at 794 has A -type contour, with correct spacing. It is thus a 5 2 fundamental, and almost certainly connected with the antisymmetrical vibration of the CC12 group. This vibration might be weak in the Raman spectrum. In phosgene there is a similar frequency of 845. The infra-red band at 872 has (7-type contour with the expected spacing of submaxima, and there is a corresponding Raman frequency 868. 872 is therefore assigned to a 5 x-type fundamental. The infra-red band at 1094 has a rather distorted though apparently A type contour, and a similar band occurs with vinylidene bromide at about 1060, and with isobutylene at about 1070. Vinylidene chloride shows a weak Raman frequency of 1099. 1094 is therefore assigned to a 5 2 fundamental. The antisymmetrical stretching mode of the CH2 group will have a value of about 3130.
There now remain unexplained Raman frequencies of 375, 450, 540, 1390 and 1558, and a number of weak infra-red bands, and there is one fundamental in each of the four symmetry classes unassigned. The symmetrical CH2 group vibrations of class A x will have a value 1300-1400 cm.-1. The infra-red band at 1318 seems to have .<4-type contour, and is therefore not of this type. 1391 is therefore assigned to the CH2 deformation. Now the infra-red band at 970 is explained as a combination (605 + 375); 375 is therefore, by the selection rules, either a 5 X or 5 2 fundamental. The infra-red band at 1142, with .4-type contour, is explained by (605 + 540). 540 is therefore a 5 2 fundam ental/and hence 375 must be the missing 5 X mode. The remaining magnitude 450 is allocated to the twisting motion of class A 2.
These conclusions are summarized in table 4. This allocation of frequencies gives a satisfactory interpretation of the overtones and combinations observed in the infra-red, as shown in The infra-red spectra of polymers and related monomers not been included, since their exact value is uncertain, and in any case several combinations are possible for each of them. The combinations are consistent with the selection rules both in regard to which occur, and also in the band contours. That no other assignment gives such a satisfactory agreement is a further reason for regarding it as probable. I t may be noted th a t two combinations, namely, (794 + 295) and (1395 -295), would give absorption close to 1090 cm.-1, and be superposed on the fundamental a t 1094. This may partly explain the peculiar contour of this band.
H. W. Thompson and P. Torkington in f ra -r e d in f ra -r e d fr e q u e n c y in t e r p r e ta tio n i fre q u e n c y i n t e r p r e ta ti o n As regards the unexplained Raman displacements, 1381 might arise from the combination (872 + 450). The frequency 1558 probably occurs as a result of resonance between the first harmonic of 794 and the fundamental of the C = C vibration, the latter being rather lower with the liquid than with the vapour.
Two general points should be noted. First, the twisting frequency of 450 falls into line with the values for the same mode in ethylene (950) and vinyl chloride (622), discussed below. Secondly, the absorption bands of vinylidene chloride arising from C-H stretching vibrations appear to be unusually weak, as compared with the results found with other molecules containing these linkages.
Vinylidene bromide
This substance was prepared by adding a cold solution of sodium ethoxide in ethyl alcohol to 1 . 1 . 2-tribromoethane. The latter was prepared by adding bromine to vinyl bromide. The vinylidene bromide distilled at 91° C. It polymerized rapidly, so th at only the spectrum of the vapour could be measured between 7 and 14// using the rapid automatic recorder. The spectrum is shown in figure 3. Table 6 gives the absorption frequencies. Assuming for the approximate molecular dimensions r CH ~ 1*08 A, r c c = 1-38 A, r CBr = 1-83 A, with angles of 120°, the moments of inertia are about 130, 670 and 800 x 10-40 g.cm.2. The molecule therefore approxi mates fairly closely to being a symmetrical rotator, with cr = 4 and S = -0-95. The s tro n g 1171 w e a k 1400 w e a k least axis of inertia will lie, as with vinylidene chloride, in the molecular plane and perpendicular to the C =C bond. The A-type bands will have a three-branch contour with P -R spacing about 9 cm.-1; the B-and O-type bands will each consist of a central Q branch flanked with shoulders. The twelve normal modes will fall into the same symmetry classes as those of vinylidene chloride. The band at 883 has a perpendicular contour, and is therefore an A x or B x fundamental; the bands at 1056 and 1085 are A-type bands, corresponding to B 2 class vibrations.
The data are meagre, but 883 is probably a B 1 fundamental, a non-planar bending mode, corresponding to 872, with vinylidene chloride. The two magnitudes 1056 and 700 are probably B % fundamentals, the former a rocking mode, analogous to 1094 with vinylidene chloride, and the latter the antisymmetrical stretching vibra tion of the CBr2 group.
H. W. Thompson and P. Torkington The sample was supplied by I.C.I. (Dyestuffs) Ltd. I t was distilled off from the stabilizer before use. The infra-red absorption spectrum of the vapour was measured a t various pressures in cells 7 and 21 cm. in length. The spectrum between 3 and 20/4 is shown in figure 4 , and the positions of the absorption bands are given in table 7. Some of the bands have been located previously by Ta You Wu (1935) . Vinyl chloride is a planar molecule, the only element of symmetry being the mole cular plane. There will be nine planar modes of vibration, and three non-planar modes, all active in the infra-red and Raman spectra. Roughly, the planar modes can be described as three C-H stretching vibrations, one C = C stretching vibration, one C-Cl stretching mode, and four deformations; the three non-planar vibrations will include one twisting oscillation and two bending motions. Of the four planar deformations, one will approximate to a CH2 deformation, one to a CH2 rocking mode, a third to a bending of the C = C -Cl skeleton, and a fourth to a wagging of the odd C-H bond.
According to Brockway et al. (1935) it may be assumed for vinyl chloride th at rCH = 1*08, rcc =1-38 and rccl = 1-69 A. The angles will each be not very different from 120°. The principal moments of inertia are then about 15, 135 and 150 x 10-40 g.cm.2. This means th a t the molecule is almost equivalent to a symmetrical rotator with moments of inertia 15 and 143x 10-40, and least axis in the plane of the molecule and inclined to the C = C bond. Planar vibrations will therefore involve, in general, a change of electric moment with components along more than one axis of inertia, and the contours of these infra-red bands should be hybrid, formed by superposition in definite ratios of types which correspond closely to the parallel and perpendicular types of a symmetrical top. The three non-planar modes will give rise to essentially perpendicular type bands. If the molecule were a true symmetrical rotator with moments IA = 15 and IB = Ic -143, the spacing between P and R maxima in parallel band is calculated from the formula of Gerhard & Dennison (1933) to be 17-18 cm.-1 a t room temperatures. In a resolved perpendicular band, the normal spacing of Q branches would be ^ [-p --^], th at is, about 3 cm.-1. Also, in a parallel 47r \1a 1c) type band, the central Q branches would be fairly weak.
Many of the observed bands show a doublet character, with spacing 17-20 cm.-1. These are obviously mainly parallel in type. Other bands, such as those at 895 and 940, have a strong central peak with shoulders on each side, and these are essentially perpendicular type bands, in which the high-frequency shoulders seem to be abnormally intense. The Raman spectrum has been measured by Pestemer (1930) and by Kohlrausch & Stockmair (1935) . W ith the exception of two doubtful frequencies recorded by Pestemer (1930) , the results agree closely, and suggest the following Raman dis placements: 396, 620, 703, 908, 1024, 1090, 1242, 1271, 1292, 1360, 1601, 3030, 3078 and 3134. The Raman results fall into line with the infra-red measurements, and suggest values for all twelve normal modes, as given in table 8. By analogy with related molecules, 724 is assigned to the vibration which mainly involves stretching of the C-Cl bond, and 1620 to a similar vibration of the C = C linkage. The three essentially parallel type bands a t 1370, 1030 and 1280 are attributed to the CH2 planar deformation, a CH2 planar rocking mode and the C--H wagging. Similar frequencies at 1360, 1010, 1260 are found with vinyl bromide as explained below. The low frequency 395 is attributed to the planar deformational motion of the C = C -Cl skeleton. If the three magnitudes 3030, 3130, 3080 are assigned to stretching motions of the C-H bonds, all the nine planar modes have been deter mined. Of the three values 622, 897 and 940, 897 can be assigned to a bending mode similar to th at found with isobutylene a t 890, and 940 to the other bending mode. 622 is then the twisting frequency.
H. W. Thompson and P. Torkington The combinations in the infra-red and Raman spectra are also satisfactorily interpreted in table 8.
The shoulders of the band at 895 are just resolved into a succession of Q branches, the spacing of which is close to 4 cm .-1. These are shown in figure 5 , and table 9 gives the positions of the Q branches measured around the central peak at 895 cm .-1, although they could not be measured with high precision. The spacing of 4 cm.-1 found is rather greater than th a t expected, but the difference may be explained either by interactions of the kind common to perpendicular type oscillations, or by small inaccuracies in the model dimensions assumed above.
The infra-red spectra of polymers and related monomers VINYL CHLORIDE WAVE NUMBERS' CM''1 Figure 5 . V in y l c h lo rid e . P e rp e n d ic u la r b a n d s . This substance was prepared by treating ethylene dibromide with alcoholic caustic potash as described by Swarts (1901) . The product distilled at 16° C. Its very rapid polymerization limited the measurements which could be made. Figure 6 shows the absorption spectrum between 5 and 20 Table 10 gives the position of the absorption maxima in cm.-1. The molecule can be assumed to be planar, with rCH = 1'08 A, rCBr = 1-83 A, rcc = T38 A, and angles of about 120°. The moments of inertia are then about 17, 192 and 209 x 10-40 g.cm.2. Thus, like vinyl chloride, the molecule approximates closely to being a symmetrical rotator, with the least axis oblique to the C = C bond. The spacing between P and B maxima in a parallel-type band will then be about 16 cm.-1. The perpendicular bands will have a strong central maximum, and, if the Q branches are resolved, their separation will be about 3 cm. The Raman spectrum has been measured by Bourguel & Piaux (1935) and by Kohlrausch & Stockmair (1935) . The most reliable values for the displacements are 345, 497, 600, 900, 1000, 1245, 1369, 1598, 3014, 3076 and 3103 . A comparison of these values with the infra-red data, and a consideration of the rotational contours of the infra-red bands, suggest for the fundamental frequencies the values given in table 11. The Ram an frequencies which were determined, using the liquid, seem as a rule to be rather smaller than the corresponding infra-red frequencies. The com binations observed in the infra-red spectrum are also interpreted in table 10. The Raman displacement of 1245 can be explained by (902 + 345), although it might be connected with the 1262 fundamental. The abnormal contour of the absorption at 1002 might be due to overlapping of the fundamental at 1008 with a harmonic of 497. Table 11 f u n d a m e n ta l f u n d a m e n ta l f u n d a m e n ta l fre q u e n c y ty p e fr e q u e n c y ty p e fr e q u e n c y ty p e As with the corresponding band of vinyl chloride, the band of vinyl bromide at 902 just shows at the sides a resolved succession of Q branches with spacings of 3-4 cm.-1. The approximate positions of the Q branches on the lower frequency side of the band centre are given in table 12. 
Correlation of vibration frequencies of vinyl halides
Although the infra-red spectrum of vinyl iodide has not been measured (see note below), the Raman spectrum has been recorded by Kahovec & Kohlrausch (1940) , who found the following displacements: 309, 435, 535, 879?, 982, 1098, 1229, 1369, 1581, 3003, 3062 and 3092. If these values are compared with those given above for the other vinyl halides, correlations can be made (figure 7) which suggest that, with the exception of the two weak displacements 879 and 1098, all the remaining Raman frequencies are due to fundamentals. Ten normal vibration frequencies are thereby fixed. The remaining pair will lie between 900 and 1000, but their exact values Vol. 184. A. cannot be determined. It should also be remembered th at the Raman frequencies adopted for liquid vinyl iodide may be rather smaller than would be found with the vapour in the infra-red spectrum. This substance was originally examined, since it is the parent monomer of the neoprene group of polymers. I t has other obvious relationships with isoprene and the vinyl compounds discussed above. The substance was supplied by I.C.I. (Dye stuffs) Ltd. as a solution in xylene, stabilized with a little catechol. It was distilled from the solution just before use. Most of the measurements were made with the vapour, in a cell 7 cm. in length, with various pressures. The absorption curves are shown in figure 8 . The spectrum of a thin film of liquid was also measured. Poly merization occurred so slowly as to cause no difficulties in these measurements.
The positions of the absorption maxima with the vapour are given in table 13, and, as can be seen from the curves of figure 8, some of the bands show a well-marked contour. The Raman spectrum has been measured by Kubota (1938) who found the following displacements: 158, 249, 387, 518, 629, 735, 882, 923, 1020, 1214, 1287, 1359, 1381, 1417, 1526, 1581, 1628, 3015 and 3113 . The agreement between many of these values and the positions of the infra-red bands is close. Raman measure ments have also been recorded by Perymova (1940) , using mixtures of chloroprene and its polymer. These results confirm many of the above values.
Chloroprene has twenty-four normal modes, and. all will be permitted to appear in both the Raman and infra-red spectra. Exact geometrical description of all the vibrations is impossible, but some approximate correlations may be useful. Thus, as a first approximation, the twenty-four normal modes may be divided into two C-C-C-C groups, nine involving motions of the skeleton | , and fifteen involving Cl movements which are localized in the C-H bonds. The nine modes of the skeleton will include one vibration largely determined by a vibration of the C-Cl bond, one by the C-C bond, two by C = C bonds, and there will be three planar deformations and two non-planar deformations. The other fifteen modes can be described as five C-H stretching vibrations, and ten oscillations which involve deformation, rocking or bending of the CH2 and CH groups. These ten oscillations will be roughly described as two CH2 planar deformations, two planar CH2 rocking motions, one planar CH rocking, two non-planar CH2 bending motions, one non-planar CH bending, and two twisting modes.
The infra-red spectra of polymers and related monomers By analogy with its value in related molecules, the C-Cl stretching mode will be expected to have a value 600-750 cm.-1. The band at 738 is weak, and it is more satisfactory to assign that at 640 to this mode. 1590 and 1620 are probably con nected witli the vibrations of C-C bonds, the lower value being associated with, that motion which is more determined by the C-C bond to which the chlorine is attached. The five C-H stretching modes will have values 3000-3200.
Bending motions of the skeleton are less easily specified, but in the previous paper if was shown that in hydrocarbons the vinyl radical CH2= C H -gives rise to two frequencies close to 909 and 990. In vinyl chloride these two vibrations lie at 895 and 940. Similarly, the radical CH2=C<^ in hydrocarbons such as isobutylene gives rise to a single frequency close to 890; in vinylidene chloride it was shown above to be 872. In chloroprene the three corresponding modes will have the values 924, 97 f and 878. There is no Raman displacement corresponding to the infra-red band at 974. It may be noted that isoprene has three similar bands at 907, 994 and 895. The peculiar contour of the infra-red band of chloroprene at 1025 suggests th at it involves a rocking motion of the CH2 group, corresponding to 1090 with vinyl chloride and 1060 with vinyl bromide, and 1075 with isoprene. The four remaining skeleton deformations may have values 158, 249, 387, the lowest Raman displacements, and 559, a weak infra-red band; the second planar CH2 deformation may be 1400, an infra-red frequency, and the second planar CH2 rocking mode another infra-red frequency of 1137. The remaining twisting fre quencies may be 697, a weak infra-red band. The array of fundamentals would then be: 158, 249, 387, 524, 559, 640, 697, 738, 878, 924, 974, 1025, 1137, 1225, 1285, 1362, 1400, 1590, 1630 and five values close to 3000. While some of these assignments are tentative, all seem reasonable, and give a satisfactory interpretation of other Raman and infra-red combination frequencies. Thus the Raman frequency 1526 could be interpreted as either (974 + 559) or (640+878), and the occurrence of two close frequencies, 1381 and 1417, might arise from superposition of a fundamental 1400 with the harmonic of 697, leading to a resonance splitting. Infra-red bands a t 1471, 1531, 1757, 1852 and 1930 can be explained by (2 x 738), (974 + 560), (2 x 878), (2 x 924) and (2 x 974). "
It is interesting to consider how far the infra-red data help to decide between the cis and £rcmsplanar forms for chloroprene. Assuming approximate values for the molecular dimensions, namely, r0C1= T 6 9 A , rc_c =l-46A, = 1-35 A, rCH = T08A, and angles of 120°, the trans form has approximate moments of inertia 150, 220 and 370 x 10~40 g.cm.2, and the form 90, 320 and 410 x 10-40. The band contours will generally be hybrid, obtained by compounding those of the A , Ba nd C types, in which the change of electric moment is parallel to the least, middle and greatest axes of inertia. Using Badger & Zumwalt's notation, the brans form will have a = 085 and S -0. The the spacing between the outermost of which will be 14-15 cm.-1; the B-type bands will have essentially a double maximum type of contour, with spacing about 9 cm.-1; and the (7-type bands, in which the change of electric moment is perpendicular to the molecular plane, will have a strong central peak with weaker submaxima on each side of it, the spacing of the two outer maxima being about 25 cm.-1. The cis form approaches more closely to being a symmetrical rotator, with 2-8 and 8 = -O'85. The A -type bands will have a spacing of outermost maxima of about 14 cm.-1; the B-and C-type bands will not be expected to show a very mar peak, and the spacing of the outermost maxima should not exceed about 15 cm.-1.
The experimental results on the band contours are seen to be in much better agree ment with the trans form than with the cThe (7 ( 878, 924 and 974 have just the contour to be expected, and although obviously complicated by being hybrids, other spacings of 12, 14, 16 and 14 are in rough agreement with essentially A -type bands. Moreover, with the least axis of inertia is inclined to the C-Cl bond at a markedly greater angle than in the cis form. This means th at if the trans structure predominates, the vibration band largely determined by the stretching of the C-Cl bond will have a more nearly B-type contour. The observed spacing of the fundamental a t 640 agrees with this.
The infra-red spectrum of thin layers of liquid chloroprene agrees in all essentials with th at of the vapour, but the relative intensities and exact frequencies of some of the bands are altered, and a few other feeble bands are observed. These differences may be caused by modification of the absorption intensities as a result of intermolecular influences in the liquid, and they will be more conveniently discussed elsewhere.
The infra-red spectra of polymers and related monomers
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The spectra of polyvinyl chloride, polyvinylidene CHLORIDE, HALOTHENES AND NEOPRENES Polyvinyl chloride <was supplied by I.C.I. (Dyestuffs) Ltd., and polyvinylidene chloride by I.C.I. (Plastics) Ltd. Films of the former were made by evaporation of solutions in ethylene dichloride from the surface of mercury, and of the latter by rapid evaporation of solutions in pentachloroethane from a heated glass plate, and of a dilute solution in boiling dioxane. Care was taken to remove all the solvent, and this was verified as far as possible by the absence of its main absorption bands. It was sometimes found impossible to remove all the solvent from a film, even after heating in vacuo. Excessive heating also sometimes appeared to lead to changes in spectrum which implied that structural changes had taken place.
The spectra of the polymers between 6 and 2-0/6 are shown in figure 9 , the films being about 0-05 mm. thick. They show well-marked differences from each other, and also from those of the parent monomers given above. Several interpolymers of vinyl chloride with vinylidene chloride have also been measured. The spectra of such interpolymers are not merely a superposition of the main features of the separate polymers, but contain new bands not present in either of the latter, as might be expected since fresh units in the nuclear skeleton may arise. WAVE NUMBERS CM F igure 9. P o ly v in y l c h lo rid e , p o ly v in y lid e n e c h lo rid e a n d h a lo th e n e .
The spectra of a series of polychloroprenes (neoprenes) have also been measured and show interesting differences. Correlation of the observed absorption frequencies with particular motions of the nuclear skeleton can only be attem pted by comparison of the spectra with those of other compounds of related structure. With this object, the spectra have been measured of (a)a series of halothen in which the percentage of chlorine was gradually increased from zero to about 70 % by weight, and ( b) a number of simple chlorinated hydrocarbon cular weight and containing different types of nuclear skeleton. The spectrum of a sample of halothene containing 66 % chlorine is shown; it shows some resemblances with those of the other polymers, and some marked differences, but the data are not yet complete enough to discuss in detail. Figure 10 shows the spectra of some of the simple chlorinated paraffins so far examined. These were:
Chloroform: a repurified commercial product, b.p. 62° C. 1.3 -Dichloropropane:prepared by heating trimethylene glycol with fuming hydrochloric acid a t 100° C in a pressure bottle. The sample boiled at 125° C.
1.2 -Dichloropropane : prepared by the direct addition of chlorin in the gas phase. The sample boiled at 98° C.
Pentachloroethane: sample from the Dyson Perrins laboratory, redistilled, b.p. 159° C.
1.2.3 -Trichloropropane: prepared by adding chlorine to allyl chloride. The sample boiled at 158° C.
2.3 -Dichlorobutane: sample from the Dyson Perrins laboratory, b.p. 118° C.
The spectra of each of these substances were measured in a cell about 0*05 mm. in thickness. The curves reveal marked differences, and at first sight there are no obvious correlations between them. A closer examination suggests certain regularities, however, and when more related substances have been examined these will be considered in detail.
Note added in proof. Since submitting this paper, we have been able to measure the spectra of vinyl iodide and vinyl fluoride, and to complete the correlation of the vibration frequencies of all the vinyl halides and vinyl cyanide. These results have been published in J. Chem. Soc. (1944), pp. 303, 597 and Trans. Faraday Soc. (1945) , May.
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